INTRODUCTION
============

The recent enormous increase in the use of wireless mobile devices has motivated a large body of research, both epidemiological and experimental. This voluntary exposure to microwaves has been called the largest human biological experiment ever performed. The possible risks of these microwaves are of growing concern in our society. Exposure to an electromagnetic field (EMF) at 1.8 GHz increases the permeability of the blood-brain barrier to sucrose[@b1-14-br-0235]. The combined exposure to radiofrequency (RF) EMFs and pulsed and static magnetic fields results in significant pinocytotic transport of albumin from the capillaries into the brain[@b2-14-br-0235]. Our recent study (Kumar et al., submitted) has shown that mobile phone exposure in Wistar rats results in high anxiety, demonstrated by deficient open arm exploration on an elevated plus-maze apparatus and by a fear induced increase in parasympathetic activity.

In the present work we studied the spatial memory performance of Wistar rats exposed to mobile phones using the Morris water maze (MWM), the bench mark test for spatial memory performance. Because teenagers are the heaviest users of wireless technology and are of special concern, we exposed 8--10 weeks old Wistar rats, which are developmentally comparable to human teenagers, to EMFs from a GSM mobile phone.

MATERIALS AND METHODS
=====================

Animals
-------

Male Albino rats of the Wistar strain, 10--12 weeks of age, were housed in plastic cages of dimensions 14"×9"×8" (three rats in each cage) inside a well-ventilated room at 22±2°C with a 12-hr L:D cycle. All animals were provided free access to standard diet and water. The Animal Ethics Committee, Manipal University, Manipal approved all the procedures used. The animals were divided into two groups of six rats each; group I was the control, and group II was exposed to 50 missed calls (separated by 15sec intervals) per day for 4 weeks, by keeping a GSM (900/1800MHz) mobile phone in vibratory mode (no ring tone) within the cage. Each missed call lasted 1min. The animals were free to move in the cage and the phone was kept in a 4"×2"×1" wood-bottom cage to avoid animal contact with hardware. After the experimental period, all animals were tested for spatial memory performance using the Morris Water Maze (MWM).

Morris water maze
-----------------

The experiment was carried out in a circular, galvanized steel maze (1.83m in diameter and 75cm in depth), which was filled with water (22 ± 2°C) to a depth of 50cm and rendered opaque by the addition of a non-toxic, water soluble dye. The maze was located in a large and quiet test room, surrounded by many visual cues external to the maze (e.g. the experimenter, celing fan, lights, racks, etc.), which were visible from within the pool and could be used by the rats for spatial location. The locations of the cues were unchanged throughout the period of testing. A video camera was fixed to the ceiling over the centre of the maze to record and monitor the movements of the animals. The pool was divided into four equal quadrants. In one of the quadrants, the target quadrant, a platform (1.0cm below water surface; 4"× 4" size) was submerged in a fixed central position. The position of the platform was kept constant throughout the acquisition trials. The rats were trained in the maze over seven sessions on 4 consecutive days, two sessions on each day except on the first day, when only one session was given. In the swimming trials, an individual rat was released gently into the water facing the wall of the maze in each quadrant except in the case of the quadrant that contained the hidden platform, in which case the rat faced an extra-maze cue. The trials were always initiated from different positions in the tank. The rat swam and learned how to find the hidden platform within 180 seconds. After finding the submerged platform, the rat was allowed to rest on the platform for 15 seconds. During the inter-trial intervals, the animals were kept in a dry cage for 60 seconds. The escape latency represents the time until the rat reached the platform in each trial which is considered a measure of the acquisition of spatial navigation abilities. We recorded this value in seconds, and the mean daily escape latency was calculated thereafter. If the animal were unable to escape to the platform within 60 seconds unassisted, their escape latency was recorded as 60 seconds. To assess their spatial memory, the platform was removed from the maze. The animals were tested for retention of spatial memory 24 hours after the final trail. In this trial, lasting for 30 sec, each rat was placed into the water as in the training trails. Time taken to reach the target quadrant and time spent in the target quadrant were recorded.

Statistical analysis was performed by using Students't' test and the significance level was set at p\<0.05.

RESULTS
=======

During the training sessions, both groups showed significant trial effects (i.e. a significant decrease in escape time with training) ([Figure 1](#f1-14-br-0235){ref-type="fig"}). There was also a notable difference between the two groups with respect to the escape time during the training trials. Both groups of animals improved their water maze acquisition performance i.e. decreased the latency to find the platform from the first to the last day of training (day 4). During the probe trial, with the platform removed, rats exposed to mobile phones were unable to remember the location of the platform. The mean latency to reach the target quadrant was significantly (\~3 times) longer in the exposed groups, and the time spent in the target quadrant was significantly (\~2 times) shorter ([Figure 2](#f2-14-br-0235){ref-type="fig"}). Exposed rats presented much lower numbers of correct annulus crossings than the controls.

DISCUSSION
==========

Mobile phone exposure affected the acquisition of learned responses in the MWM test. The phone exposed animals exhibited longer latency than the control animals to reach the hidden platform in the trial sessions. In the retention test, their latency time to reach the target quadrant was longer and their time spent in the target quadrant was shorter. The phone-exposed animals were unable to recall the exact position of the hidden platform on the memory retention day, in spite of seven training sessions. This in turn points to the poor spatial navigation ability as well as the object-place configurations of the phone-exposed animals.

Cognitive function is known to be influenced by stress, both in animals and in humans. MWM learning is aversely motivated behavior, and, even when aversive factors are minimized to the extent possible, acquiring this task will always be a stressful event for the animals involved. Under these conditions, supplementary stress may revert profound effects on cognitive performance. The hippocampus plays a major role in spatial memory. Physiologically, cells in the hippocampus that display increased firing rates when the animal is in certain spatial locations are expected to be involved in spatial memory.[@b3-14-br-0235],[@b4-14-br-0235] The hippocampus encodes the spatial relationships between components of scenes or contexts and in the absence of this representation animals with hippocampal lesions will not be able to form the object-place configurations that are important in episodic memory.[@b5-14-br-0235] Lesions in other brain regions like the striatum, basal forebrain, cerebellum and cerebral cortex were also shown to impair MWM performance in rats. Both neurons and glia interact dynamically to enable information processing and behavior.[@b6-14-br-0235] Mobile phone exposure induced glial reactivity[@b7-14-br-0235] in the rat brain probably due to the hypertrophy of glial cells and because prolonged exposure disrupted the integrity of the blood-brain barrier.[@b8-14-br-0235] The exposure of rats to mobile phone electromagnetic fields resulted in neuronal damage in the brain cortex, hippocampus, and basal ganglia[@b9-14-br-0235] and induced apoptosis in rat cortical primary neuronal cultures through a caspase-independent mitochondrial pathway that involves the AIF- apoptosis-inducing factor.[@b10-14-br-0235]

Most of the cell phone safety recommendations are based on the basic sinusoidal wave, known as the carrier signal. However the danger does not come from this, but from the modulated signal that actually carries the data or voice information that operates at higher frequency. The cell receptors respond to this carrier signal, and get excited resulting in the impairment of delicate microtubular connections between the cells; in other words, the cells gets locked-up. Furthermore, this would lead to an increase in intracellular heavy metals and ROS generation. Reactive oxygen species (ROS) play a major role in electromagnetic radiation-induced tissue damage. Exposure to 900MHz electro magnetic radiation from a mobile phone has been shown to increase malondialdeyde, nitric oxide levels and activities of xanthine oxidase and glutathione peroxidase and to decrease the activity rates of superoxide dismutase and glutathione peroxidase activities in the rat brain.[@b11-14-br-0235] Exposure of adult Sprague-Dawley rats to regular cell phones resulted in mRNA up-regulation of several injury-associated proteins such as calcium ATPase, neural cell adhesion molecules, neural growth factor, and vascular endothelial growth factor.[@b12-14-br-0235] A study in guinea pigs has shown an increase in MDA and decrease in GSH levels and catalase activity in brain tissue after exposure to 890 to 915-MHz RF from a cellular phone.[@b13-14-br-0235]

In conclusion, our preliminary results indicate that mobile phone exposure does induce behavioral changes in rats. The changes can be observed in terms of higher latency time to reach the target quadrant and less time spent in the target quadrant in the MWM test. This modification of rat behavior could either be due to microwave radiation from the phone or it could be due to vibration, or it may be linked to both. To determine which is more important further study in warranted.
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